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FIELD OF THE INVENTION 

The present invention generally relates to satellite 
based talecommunBcatos. More specifically, the inven- 
tion fslate to a powec control subsystem for grazing 



OF THE iJWENTfOf* 

Satellite based telecommunications 
been to provide csiiySar <x;:-nsauniaat;ons linNs 

between user terminals (mobile and fixed) and earth 
stations. Hie earlh siaiioas, in ti 



sband, the position of the 
sedated beam spot, the 



i, and thus the s 
-ssmissron p« 



of interference 
sllite (rain, fog, 
to the user terminal and the 
ystem factor? continuously 
iteite must continuously update 
level of RF signals In each sub- 



user terminal, 
each mmm is afforded a limited supply 
i satelfa has many power demands sspon 
pply Thus, it is desirable to maximize the 
efficiency. To do so, satellite antennas 
i nonlinear anpirfsers which 
nsmrt rha RF signals. How- 




lite antenna{s) divide the covera< 
beam spots. Each beam spot is 
* v sufaband a^ong wh:eh 
nais travel in the forward and return directions 
user terminate and earth stations. Each subband may 
supposl communications from a plurality of user termi- 
nate, lbs user terminals are 

or "circuits" within an 




unable satisfactorily oor^fol foe "effective isotropic radi- 
ated power" (EIRF) emitted by an earth station and 
received by a corresponding satellite. As noted above, 
an earth station passes RF signals to a desired user tsr- 
30 minai along a forward link of a communication channel, 
in the forward link, the associated satellite receives 
each RF signal via s feeder link with the earth station. 



3 (SNR) and quality of s 
need remains for a sate! 



, „ v . n t; . - * 

code d&vision mutiiple assess (CDMA), w any combine- 



fi the satellite field of view. 

each earth station, satellite and 45 Consequently, RF signals from different earth stations 
may be received at different power levels. Power f ksctu- 
aiions m the received signal may further vary doe i» 
signal Interference, such as clouds, rain and ths - 
Hence, RF signals from an earth station covered by 



h sufficient powei 



Thetrai 
user termire 

co-sure tr at f < - , ea ma RF signal 

with a desired qys% of service. The quality of sarvics 

Of S t « N ' V-J t! 



noise ratio (SNR) of the RF signal. Different types of so efouds would be weaker than an RF signal from an 
user terminals (portable, fixed, special, geographically aath station with no cloud cover. A need remains for an 



required to afford a desired qua! 
each satellite must transmit RF s 



Thus. astasia*. 
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ir (SOO) 20 If 
- 22 Si-si 23. Ths SOG 20 



cm ss ^ « cat ng at any given time. Thus, while a group 76 of 



150 which con-iVM leases s y*th SOC 20 and 
power output ef the satellite 30 vsil* 
i 28, The 




e ear* stetson 28 at a given 
tans of day; Based on tb«s© cafcutetksns, the SOC 20 
5 of a p 

5 to be r 

feeam spot 36. Optionally, in s CDMA or TOMA coded Sate the total power a 
system, the SOC 20 may provide a number of codas 
. isubban&TheSOC 
tj« f» rfo — h> r< n ■ . \ ih *a h r 
a o be *rs group 34 fthsch «l 
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The SOC SO informs each earth station ZB and 29 

connection with user terminals assigned to the earth Periodically, 

station For i a m th sia- power usage, 

Sr2S^Sllf f ? a a^ 3 ^oT'^ ** as ^ 9ned f to ^ Turning to Fig. M, an earth station 28 is illustrated 

beans «ucwa wrecr art ca&iynad to rn^sr S, aplurSyVbimi", - 

earth statin, . * - s may instruct ptor^ty o« moot * >«wssof oper- 

eaielfcie 30 to transmit up to 500 wall si h ■ =, mi s ,<> atss in coonecSon with an assigned beam emitted by 

power™™: ignsd to earth station 28. 6 , , iudes one or 

ftv i -oM. ^e^b^rc hicn manage 

transit up to. 200 watis of power ir» the beam&feubfeands distribution among ins suhbands in the associ- 

sssigned to earth station 28 in addition the SOC 20 atedbeam. Each subband power manager 156 commu- 

may inform each earth station of a maximum po*e- 1 r-t , , N * v ^ h modem 

^ < '< < 1 ^ if n r , * . n iha*rt 

per beam spot. Thss power limit e$ determined by the assigned 1o a particular user terminal. Each subband 

?? C ^ 0 !'^ f _ to ^****f system does power manager 156 co > «th all of the 

, port channels in a single corre- 

ri by the Federal Commwracatioris so sponding subband. Each modem IS* includes a tor- 




si without exceeding the emitted by n 
s and the sateifHe's avaih sporsding to a s 

able power assigned to the corresponding earth station, so mar 166 prior to tr 

Throughout operation, each earth station provides signal tot the subband. The c 
aowe demand feedback infonmation to the SOC 20 t 
which is used to update the power allocation among the below). 

ear* stations. By ray of example, the feedback infer- The baseband manager 150 includes a satelisie 

maikm may include the total power required of the sat- 35 power manager 1 58 and beam load manager 1 8 1 which 





Optionally, 
vided for measuring a 
level. The test module 24 
directed to the SOC 20. 
telemetry channel may be maintained 
ell 'ta and each associated earth station. When it 
telemetry channel is used, the satellite may tetemei 
transmission operating information to the earth stsfc 
which in turn relays it to the SOC 20. The SOC 20 
turn us ! es vmm« ooe s& - * s 

tion ^hiie updating the power allocations. 



edbjf the SOC 20. Eaeh'«arS; 



required and aitocsted sola: power per enhh 
beam from the beam processor 152, The satellite p 
manager . th? data bass 

which tb loadable fron 

srma- SOC. The PFD limits may be accessed by gar 

region and carrier frequency which ate dependent upon 
safet- 

Eash Referring to t ages *58 

latory from the SOC 20. AS slep 1 72, the sa 
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* SOC 20 o 



a database). Afr.siep ITS, the s 



B&ch jusband. 

This determine! 
potential user tarrns 
vviihiri a parttosJlar subbed. 

M S 3 - 0 on the 
fieid of view of the 

LAsafu 
canons say &e based on data 
demands. By way of example, i 
tar seconding to one of several 
pending sppiicafens entnied 



may os bassffi on the 





n of a 

be wen or uneven according to some c 
e i • "-it - n all of the 

beam spots, the baseband man- 
150 reports iBCfc to the SOC 20 i 




reports, to the SOC, the total required power and the catenation module 1 Sr accesses a data base 1 55 

total allocated satellite power. Next, the satellite power so 2) to obtain a required SNR value for the ourren 
manager 1 58 reports to the beam load manager 1 Si terminal based on the user terminal's type. The m 
{Fig, SS) the required sufoband powsr and the allocated mirth's type may be provided by the baseband ma 
subband power. Next it determines thai step 186 (Fig. 150, or may m stored in database 155. The SNR 

! 165 T 

required afcband power. If so, controi passes to step as required SNR value necessary to achieve a qualify of 





rf SNR value for a u 

which rrssy foe reallocated to the present subband in pensafe 

need of addsfisnai power. At step 192, if such additional *s at the user & 

* by the 5 

eates the power -r>r \ . . ■* vs,abwsx 

band in need and passes ne» power allocations per "fade margin" is added to the minimum SNR value to 

subfoand to iha subtend power manager 1 Excess srsurs that, diif^g a minimum sy? a rapid huciuayop the 

pmtm repress « os jusfosrsd, but so power level never falls below the lowest acceptable 

rx* needed to acM* the desired quaSty of service for value. The beam line the fed* 

the user tors s cower margin for each user terminal based on the subfoand 

report also \ demand power aiiosatfc sower man- 

rnore power from a pa x \:- aflo- agar 153, the us« 

cated thereto b The ss assorted beam > may also be 



3 once the suooand power diffsr- 

r^jiseMterminal. This^jw^l^ FL SMR value is sup- ^ce is caloiiated at step 210, flow passes to step 212 



carried Ot thess 



onager i , initial, power. E so, , excess powsr is distorted ^ u the 

cation fs mthesateifiiepcM ecus this excess is reported back to the satellite power man- 
rat subband {step 200). At step 202. the SMR to ager 158. As explained above, the satellite power man- 
sicuiates the required SMR agar 158 may decide to take away the excess power 
fhe modem contfoilei 55 from the cu 5 sc Isn-j Mil to anott* sub 
outputs the desired SKiR value to the modern 1 54 costs- band anchor beam {see Figs. 3A and SB). If the decision 
spending to the current channel within the current sub- in step 212 is negative, the flow passes to step 216 at 
band. The modern controller 159 also outputs the power is (which it is determined whether the required subband 
limit which may not be exceeded by the modem. •Hie power exceeds the allocated subband power, if so, the 

,« rvi>A < t . < •• ■ , - - • < . 



power level required of the s 
desirad SNF value Th« moden 



I of the modems corra- 



rent subband. The n 



antroller 159 then deter- mum required FL-SNR value for each user terminal, 

mines whether the allocated power for the current This overpowered condition is reported at step 218 to 

subband exceeds or is less than the total power the satellite power manager 158 which will subse- 

i SHH values for each que«% if possible, alieoate additional power to the sub- 
e channel within the subband. The modem control- zo band in an overpowered state (as explained above in 

sr by determining a connection with Figs. 3A and 38). In addition, at step 

ik (FL) SNR value for each user torn*- 220, the subband load manager 163 may be instructed 
net The desired FL-SNR^ va" 

I SMR level for 




t ts iV ^ new caste accordingly. The besm load 
fciS'i it 3w channel to « snde 

it power level emitted in tbe 
shannel by the satellite. At step 208, the modem the subband load manages- 163. The subband load 
f 1 S9 combines FL respired mederr ; power lew- , 

mine the total subband power. The modem eortfreffar Cfc>tk>r«iily, at step 222, a handover processor 165 

1 sg ohteirr s a difference between the required FL s.ub- 



step beam spot By handing over channels between j 
dit- bands in Shis matter, the handover processor 1 65 si 
load between sttobartds. The handover processor 
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and/Of by the beam load manager 161. if 
lSS,theharK 

SQf 165 receives 
step 222 (Fig. ; 

controlled by the beam toad manager 181 , the 
instrucitons will be tiansmilted at step 192 (Fig. SB) as 
part of tf»e subband power 
out by the baseband 



EPOSQ£$68ft1 
Jed by 



between overlapping ssta&tss to shift toad from she sat- 
ellite operating In an overloaded position to a eatable 
operating in an undetioad«d stale. 

. : » < t n ^ * 

ioops ^ - ^ link FL{Fig. 6} 

process caried and the return 8nk RL (Fig. 7) of a channel to ©risura a 
sal quality si His tern-snai 10 and ai the 
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5: Sil ! V 

360 sn Fig, SA is representative of the signal r 
feeder link 330. The received composite signal c 



s of the subbarid signals a 



s the gain of the AGC 332 until tf outputs the 



adjusted composite RF signal 370 {Fig. ®A>. As 
adjusted by the AGC 332 inductee a 

referenced tons 378 equal in magnitude to the original 
reference tons 358 output by the rruiitipiexor 318. in 
®fflmm t the amplitudes of the RF signals in subfoancte 
372-376 equal the amplitudes of the original subbartd 
signals 352-356. 

)f, by combining n 



n is able to a 



s ^Fsignalto achieve a desirsdlevsi of 
the AGC output. By adjusting the gain at AGC 332, the 

are driven So the same power iswels while maintains the 



x at iha modems relative to the ref- 
e earth station is abte to control tie 



j. In this iway : any t« 

d prior to combining the 
x 336 combines the F 
feeder sinks 230, 338 and 340. n 



#0 fth< v 3 ■ ; example i; : 
eonoeettao with Fiaa. 9 A srxi 9B to s/fcfcar, t 



3 level contra! proa 
vtafeenf of the present invention. Fig. 9B 
» an original composite RF signal 380, a 



a^s * * - 

d in ss composite signals 380 end 400 irtclode su&arst j ! 
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Obtain Total Available Satellite 



Obtain Subband PFD Limits 



Obtain Channel Assignments 
Per Beam 



Determine Subband Power 
Allocation 
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Pass Subband Power Allocation 
nding But 
yanager 



To corresponding Subband 
Power Mancrc 



Obtain Feedback Differentia! of 
Subband Required Power vs. Allocates Power 
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Combine Feedback Differential and 
Report to SOC total R< 
Power vs.. Allocated 



Report Required Subband Power 
vs. Allocated Subband Power to 
Beam Load Manager 
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FIG. 3C 



Obtain Subbsnd Power Alterations 
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Calculates mqulrnd SMR based 



202 



208 



204 



I 



Compote Excess 



Calculate Upar Terminal Desired a 
SNR Qt%4 Excbb® Power Avolfobfe 
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FIG. 6 
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